INTRODUCTION
Columnar discotic liquid crystals are functional materials with great potential for application in electronic devices, such as photovoltaic cells, light emitting diodes, or field effect transistors. 1, 2, 3, 4, 5, 6, 7, 8 These devices require high charge-carrier mobility for operation, and columnar liquid-crystalline materials displaying high charge-carrier mobility along their columnar stacks are particularly attractive for this purpose. 1, 9, 10, 11, 12 The transfer efficiency depends on the nature and intensity of the intermolecular interactions that maintain the molecular stacks order over long ranges in the columnar structure. Understanding the dynamics and microscopic phase behavior of columnar discotics at the molecular scale is not simple, but it is fundamental for a rational design of new systems and devices with the desired functionality.
An extensively studied type of columnar liquid crystals is based on hexasubstituted triphenylenes, where the stacking of the polyaromatic cores provides an efficient structure for charge transport along the columns. 13 In addition, coordination of metal centers to the triphenylene core offers a versatile way to modify the properties of the system. 14, 15, 16, 17 There are a few reports of liquid crystalline metal-organic triphenylene systems with covalently bonded Hg, 18 Cr 0 , 19 Zn II , 20 Cu II , Ni II , 21 Ag I , 22 and Pt II complexes. 23 Exploring the possibility to develop columnar materials in which columns of different natures coexist, we reported recently a family of mesomorphic mono and dinuclear ortho-metallated palladium complexes containing a columnar packing of triphenylene moieties that supports an associated stack of metal moieties. 24 We have also prepared some cationic mixed triphenylene-isocyanide ortho-platinated benzoquinolate complexes ([Pt(bzq)(CNC 6 H 4 -O-(CH 2 ) 6 -TriPh) 2 ]A, A -= NO 3 -, BF 4 -, PF 6 -), displaying a columnar mesophase. The supramolecular structure consists of a central column formed by the self-assembly of the organometallic benzoquinolate-platinum fragments, hexagonally surrounded by six columns formed by stacking of the triphenylene groups. The central column displays Pt···Pt interactions, which are the origin of the enhanced luminescence and are also responsible for the great stabilization of the mesomorphism. 25 In the complexes mentioned above the isocyanide group is located at the end of one of the alkoxy chains, so that the triphenylene core and the metallic fragments bonded to the isocyanide group are far apart and electronically disconnected. There are also reports where various electron-withdrawing/donating side groups, such as nitro and amino groups, 26, 27, 28, 29 cyano group, 30 halides, 31, 32 and alkyl/alkoxy fragments, 33, 34 have been covalently bonded directly to the triphenylene core. The change and the redistribution of the electron density across the aromatic skeleton in these systems, and the consequent change of molecular interactions, modifies markedly the range of existence of the mesophases. 28, 35, 36 An interesting variation of these two kinds of triphenylene systems is to connect the metal fragment to the triphenylene core using a short conjugated linker. The isocyanide group is an efficient linker, and we are reporting here the synthesis of the previously unreported 1-isocyano-2,3,6,7,10,11-hexadodecyloxytriphenylene (CN-TriPh) ligand and its stable isocyanide-triphenylene metal complexes with gold(I), copper(I), silver(I) and platinum(II), and verify how the supramolecular structure and the properties of the original organic system change. The coordination and geometrical features of the metal moiety determine the very different mesomorphic behavior of the materials. The copper, silver and platinum complexes melt directly into an isotropic liquid, but the free isocyanide and all their gold derivatives display enantiotropic columnar mesophases over a wide temperature range. All complexes prepared are fluorescent materials.
RESULTS AND DISCUSSION

Synthesis and Characterization
The triphenylene-isocyanide used in this work, CN-TriPh, never reported before was prepared from the corresponding nitroderivative 26 in three steps, as described for other phenyl isocyanides (Scheme 1). 37 The metal complexes were prepared by reaction of CN-TriPh with the corresponding metal precursors, as shown in Scheme 1. C, H, N analyses, yields, and relevant IR and NMR characterization data are given in the experimental part (SI). The IR spectra of 1-8 show one ν(C≡N) absorption for the isocyanide group. As expected, 38 The UV-Vis absorption and fluorescence spectra of the free isocyanide and the metal complexes in dichloromethane solution are summarized in Table 1 . The UV-Vis absorption spectrum of the free isocyanide ligand shows a very structured spectral pattern, with typical absorption bands and extinction coefficients ( Figure 1 ) that are assigned as triphenylene π-π* transitions. 43, 44 The coordination of the isocyanide to the metal centers produces, in general, wider bands ( Figure 1 ). These changes may arise from the decrease in symmetry and from the loss of planarity induced by the substituents in bay positions, generated upon coordination. The fluorescence data for the free isocyanide and the metal complexes are listed in Table 3 .
The free isocyanide and the metal complexes are luminescent at room temperature in dichloromethane solution. As for the electronic spectra, all the emission spectra are similar, with the maximum in the range 421-467 nm (Figure 2 ), typical of fluorescent 2,3,6,7,10,11-hexaalkoxytriphenylenes. 43, 44 The quantum yields for the metal complexes, Φ, measured in dichloromethane solution at room temperature, 46 are considerably lower than for the free isocyanide ligand (Figure 2 ). It is probable that the presence of the metallic fragment (heavy atom effect) enhances non-radiative deactivation processes. In the solid state, the luminescence of these derivatives is lost, as reported for hexaalkoxytriphenylenes.
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Figure 2. Excitation and emission spectra of the free isocyanide and the complex [Au(C 6 F 5 )(CN-TriPh)] (2).
Thermal behavior and self-organization properties
The mesomorphic properties have been studied by polarized optical microscopy (POM), differential scanning calorimetry (DSC), and small-angle X-ray scattering (SAXS). The optical, thermal and thermodynamic data are gathered in Table 2 . In fact, the free isocyanide ligand and all the monomeric gold complexes (1-4) display enantiotropic mesomorphism over a wide range of temperatures. In contrast the copper complex 5, with the same stoichiometry, melts directly to an isotropic liquid at 80 ºC, suggesting that this complex is not isostructural with the gold complexes. The disappearance of the mesomorphic properties presumably originates from the modified geometry: gold ion leads to linear mononuclear derivatives, but copper(I) produces polynuclear complexes [CuX(CNR)] n . 47, 48 The monomeric trans-[PtI 2 (CN-TriPh) 2 ] (7) and [Ag(CN-TriPh) 2 ]BF 4 (8) complexes also melt directly to an isotropic liquid at 47-48 ºC. In this case, it is obvious that the two isocyanide ligands, at the separation distance, would collide if they had to become coplanar. For this reason the two discotic fragments have to avoid this spatial conflict and their mean planes arrange twisted relative to each other, loosing the overall discotic shape (Figure 3a,b) . In contrast, in the dimeric gold complex (6), due to the long Au-C 6 F 4 -C 6 F 4 -Au bridge, the two isocyanide trans ligands are sufficiently separated to become coplanar and this complex gives rise to a columnar mesophase, and a nematic one at higher temperature (Figure 3c ). As reported for most α-substituted 2,3,6,7,10,11-hexakis(dodecyloxy)triphenylenes, 26 The presence of the isocyanide group (in the ligand) and the metal-containing fragments (in the complexes) should substantially enhance the electron density of the aromatic skeleton, favoring long-range order stacking and helping to rigidify the columns, leading to stabilization of the mesophase compared to unsubstituted hexakisdodecyloxytriphenylene. Consistently, the isotropization temperature is raised by about 70 °C in the ligand, and complexation further extends dramatically the mesomorphous temperature ranges (from 93 °C in the ligand to 195-215 °C in the monomeric complexes). The monomeric complexes 1-4 preserve the mean cylindrical shape of the columns and the Col hex phase, while the dimeric complex 6 deviates from the purely discotic architecture. The mesomorphism is nevertheless still observed for 6, but in combination with a symmetry break from hexagonal to rectangular, yielding a Col rec phase. Moreover, the early disappearance of the columnar lattice at around 120 °C is observed, giving rise to a nematic phase, with a range of existence of ca. 50 °C, which preserves the common preferential orientation of the columns. Apparently connecting the two-triphenylene units by a rigid bridge intruduces some hindrance to the formation of columns in the mesophase, as previously reported for structurally related triphenylene derivatives. 49 Finally, the gold dimer 6 also shows a shorter liquid crystal range because of its higher melting point (102 ºC) compared to the gold monomers.
This higher melting point is related to the contribution of the elongated rigid central part of the molecules to higher cohesion in the crystalline state, as reported for calamitic octafluorobiphenyl liquid crystals. 50, 51 Full identification of the mesophases was attained by small-angle powder X-ray scattering (SAXS) on powder samples measured as a function of temperature from room temperature up to the isotropic liquid. The SAXS profiles of the ligand and the monometallic compounds recorded in the mesophases, reveal from two up to five sharp small-angle peaks of decreasing intensity in the ratio 1:√3:2:√7:3, indexed as the (10), the most intense, (11), (20), (21) and (30) Table 3 ). The high intensity of the first order reflection (10) along the abrupt decrease of the intensity of the higher order reflections and harmonics also confirm the good segregation between the discotic cores including the metal ion with the aliphatic continuum. In the large-angle range, a very strong scattering halo spreading between ca. 3.5 and 5.5 Å (intensity maximum at about 4.4-4.6 Å) was observed, corresponding to the overlapping of different, undifferentiated, lateral distances between the protruding fragments and molten aliphatic tails (h fr +h ch , Table 3 ), and a relatively sharp and intense signal at larger angle with a maximum at ca. 3.5-3.6 Å, corresponding to the orthogonal stacking of triphenylene cores (h π ) correlated over short distances ( Figure 5 ). This correlation length for the intra-columnar packing can be evaluated from the peak thickness at mid height and estimated to lie in the range of ca.
100-150 Å, that is about to 30 to 50 staked molecules. The absence of additional signals associated to the bulky metallic fragments ( Figure 6 ) further suggests that the latter are well confined within the available space between the cavities of the triphenylene cores, without the protruding of the electron-rich gold ion in the aliphatic continuum. 52 This also indicates that the presence of the co-ligands within the aliphatic region (Cl, C 6 F 5 and C 6 F 4 -OR) has only a diluted effect of the electron density redistribution (suggesting that they are randomly distributed around the triphenylene cores, Figure 7 ). The increase of the bulkiness of the lateral groups, from Cl through C 6 F 4 OR via C 6 F 5 , is nevertheless concomitant with the expansion of the lattice dimension and the slight elongation along the column direction, likely due to some local distortions of the aromatic rings, and the enhancement of the aliphatic volume fraction. The molecular volume to lattice cross-section ratio provides a value for h mol of ca 3.45-3.55 Å, depending on the relative size of the lateral group, which is indeed consistent with a 2D arrangement of orthogonally packed columns. For the bimetallic compound, the X-ray patterns of the lower temperature phase, recorded between 90 and 120 °C (and down to 70 °C on cooling), and assigned to Col rec , reveals 11 smallangle reflections (Table 2, Figure SI ) that could be indexed according to a non-centered rectangular p2gg lattice. The ratio between the estimated molecular volume versus the area of the cell (Z = 2) provides a value for h mol of ca. 3.8 Å, close to h π ≈ 3.5 Å, which is also consistent with a 2D arrangement of nearly orthogonal columns. A detailed analysis of the reflections further suggests that the phase has a strong lamello-columnar character, particularly on account of the presence of several intense, even lamellar orders (h0, h = 2n) and the concomitant absence of (0k) reflections. It can thus be deduced that sub-layers of high electronic density (conjugated aromatic moieties) and aliphatic sub-layers alternate periodically along the a-lattice parameter of the rectangular cell, and that the electron density contrast is annihilated along the b-parameter by the presence of biphenylene bridges connecting columns of triphenylenes ( Figure 7 ). This rigid connection from the side of the triphenylenes also explains the mesophases broken symmetry with respect to a centered lattice of planar group c2mm, manifested by the presence of only two reflections of low intensity ( (21) and (41); h+k=2n+1).
The interconnection of the columns into continuous lamella leads to the distribution of the bridges on either side of the columns and permits to avoid steric constraints of their largest section (ca 27.5 Å 2 , i.e. with an average spacing between biphenylenes of ca 5.0 Å). Such a distribution of the bridges seems nevertheless logical and expected as it optimizes the segregation between the various molecular fragments. However, the stacking of the triphenylenes is greatly perturbed by this arrangement, as evidenced by the greatly enlarged and barely visible signal corresponding to the stacking (h π ).
In the nematic phase, formed above 120 ºC, the maximum of the diffuse signal is no longer visible at the position of the h π signal. However, the asymmetrical profile of the overall lowangle region signal is consistent with the persistence of this band at 3.5-3.7 Å, except that the piles would correlate to a few cycles only, approximately six. Given the structure of the phase below, it is tempting to assign, although not unequivocally, a lamello-nematic type of phase rather than a columnar-nematic one with the sub-layers being decorrelated. +h mes corresponds to the maximum of the diffuse scattering due to lateral distances between molten aliphatic tails (ch), metallic fragments (fr) and mesogenic bridge (mes); h π corresponds to the stacking periodicity between triphenylene cores. c I is the relative intensity of the reflections (VS, very strong; S, strong; M, medium; W, weak; br and sh stand for broad and sharp signal).
d a is the lattice parameter of the Col hex phase and a and b the lattice parameters of the Col rec phase. Z is the number of columns per lattice, and S is the columnar cross-sectional area (S =2a (3) -1/2 for Col hex , Z = 1, and a×b for Col rec , Z = 2). V mol is the molecular volume and ρ the density, and h mol = V mol /S is the molecular thickness (N=1). 2 ]BF 4 offer diverse mesomorphism conditioned by the metal fragments. These influence the electronic interactions of the discotic triphenylene moiety, and also the intramolecular availability or restriction to arrange coplanar the triphenylene groups, when more than one is present in the molecule. Again, substituted triphenylene systems provide a powerful and versatile support to metal-containing molecular fragments, enabling to prepare columnar fluid multifunctional materials with metal-containing fragments directly connected to the triphenylene core. All the materials prepared show a fluorescent emission centered on the triphenylene group, which is lost in the solid and the mesomorphic states.
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The coordination features of the metal ion modulate the structures of the fluorescent metalorganic columnar mesophases derived from isocyano-triphenylene ligands.
